Bemisia tabaci (Gennadius) (Homoptera: Aleyrodidae) B-and Q-biotypes are exotic insects in Japan and are consequently regarded as insect pests in agricultural fields. Using B-and Q-biotypes, we investigated the hatching rate, survival rate during the larval stage and the total development period from egg to adult. Whiteflies were allowed to lay eggs on several host plants: cabbage, Brassica oleracea var. capitata; cucumber, Cucumis sativus L.; tomato, Solanum lycopersicum L.; eggplant, Solanum melongena L.; bell pepper, Capsicum annuum cv. grossum; and five cultivars of kidney bean, Phaseolus vulgaris (cvs. Kentucky101, Nagauzura, Morocco, Satsukimidori and Honkintoki), and the effects on the above traits were evaluated. Clear differences between the two biotypes were detected. A particularly important difference was that the B-biotype successfully developed to adults on only one of five cultivars of kidney bean, whereas the Q-biotype was able to utilize all the test plants as hosts regardless of the cultivar. This finding suggests that the determination of host plants in B. tabaci is greatly influenced by not only plant species but also by cultivar. In addition, there is a high possibility that the Q-biotype has the ability to adapt to a wider range of plant species and cultivars compared with the B-biotype.
INTRODUCTION
The whitefly Bemisia tabaci (Gennadius) (Homoptera: Aleyrodidae), which was first reported in 1889 as a pest collected on tobacco in Greece (Gennadius, 1889) , is a worldwide insect pest (Brown et al., 1995; Oliveira et al., 2001) . B. tabaci consists of more than 20 biotypes (Perring, 2001) and utilizes over 600 species of plants as hosts (Oliveira et al., 2001) . The polyphagous whitefly causes damage to numerous agricultural and horticultural products, e.g., it induces phytotoxic disorder, causes sooty moulds through excreted honeydew, and transmits plant viruses (Bedford et al., 1994; Markham, 1994; Brown et al., 1995; Jones, 2003; Berry et al., 2004; Bosco et al., 2004) . B. tabaci is therefore regarded worldwide as an exceedingly serious insect pest (Bosco et al., 2004; Simón et al., 2007) .
In addition to the indigenous biotypes, exotic B.
tabaci B-and Q-biotypes inhabit Japan; the former was first recorded in 1989 (Ohto, 1990; Matsui and Nakashima, 1992) and the latter was identified in 2005 (Ueda and Brown, 2006) . Since then, the Bbiotype has spread almost entirely throughout Japan, and, by February 2008, the Q-biotype had extended its distribution and spread to over 37 of 47 prefectures in Japan (Honda, 2008) . These exotic biotypes have an extremely wide range of host plants (Tsai and Wang, 1996; Bonato et al., 2007; Kakimoto et al., 2007) , and both have the capacity to develop resistance against insecticides (Brown et al., 1995; Pascual and Callejas, 2004) . In particular, the Q-biotype excels over the B-biotype in its development of resistance to pyriproxyfen and neonicotinoid insecticides (Nauen et al., 2002; Horowitz et al., 2005; Ma et al., 2007) . Hence, it has been difficult to exclude these insects from agricultural fields, and they are a considerable menace to agriculture.
The aim of our study was to clarify several developmental factors of B-and Q-biotypes, specifically, the hatching and survival rates during the larval stage, and the total development period from egg to adult, when reared on six species of cultivated plants, including five cultivars of kidney bean, Phaseolus vulgaris L. (Fabaceae). Comparison of the data from the two biotypes will facilitate a detailed understanding of the developmental features of these whiteflies, which should provide insight into more effective management of this ubiquitous pest. and kept in a greenhouse. The developmental stages of the test-plant leaves used in the experiments were as follows; fourth to sixth mature leaves for cabbage, first and second mature leaves for cucumber, third to sixth mature leaves for tomato, fourth to sixth mature leaves for eggplant, third to fifth mature leaves for bell pepper, and primary leaves for kidney bean.
MATERIALS AND METHODS
Measurement of developmental factors. Female whiteflies from the stock culture were attached to the undersurface of the leaves of the potted test plant, as shown in Fig. 1 . Whiteflies were allowed to lay eggs for five hours in the light photoperiod. Two whiteflies were set per leaf and two leaves were used per plant. Two eggs were chosen randomly from each clutch and observed daily until they developed to adults or died. If only one egg was laid during the specified ovipositional period, the egg was not used for the experiment. The experiments for each host plant species were replicated three to seven times. The hatching rate, sur- Fig. 1 . Illustration of how whiteflies were set on the undersurface of a leaf of the test plant (a, plastic plate; b, acrylic-resin plate containing B. tabaci; c, nylon mesh; d, acrylic-resin plate used as covering. Unit: mm). All elements (a-d) were layered in this order and fixed using a clothespin. B. tabaci females were confined individually to a hole in the plate (b). The insects were permitted to lay eggs on the undersurface of the test-plant leaves for five hours.
vival rate during the larval stage, and total development time from egg to adult were calculated and these values were statistically compared among host plants and between the two biotypes. All host plants used in the experiment were maintained in incubators (Sanyo Incubator MIR-153; Tokyo, Japan). The photo period and temperature were controlled to 16L8D and 25°C conditions, but relative humidity was not, fluctuating from 70 to 90%. Host plants were watered every day and 0.5 ml L
Ϫ1
Hyponex (HYPONeX JAPAN Co., Osaka, Japan) was added approximately every 10 days.
RESULTS

Hatching rate
On average, over 88% of B-biotype eggs hatched on all test plant species. On the other hand, hatching rates for Q-biotype varied widely from approximately 44.8% on the Kentucky strain of Kidney to 95.0% on tomato; there was a significant difference between these two host plants in Q-biotype (Tukey's HSD test after arc-sin conversion) ( Table  1) . Hatching rates for B-biotype tended to be higher than those for Q-biotype overall, and significant differences were detected between the two biotypes on three cultivars of kidney bean: Kentucky, Nagauzura and Satsukimidori (Student's ttest after arc-sin conversion).
Survival rate
Survival rates of B-biotype larvae strongly depended on the host plant type. More than 76% larvae successfully developed into adults on eggplant, tomato, cucumber and cabbage (Table 2 ). In contrast, only 6.1% larvae survived until the adult stage on bell pepper, and no individuals were able to emerge on four of five cultivars of kidney bean: Honkintoki, Morocco, Nagauzura and Kentucky. On the other hand, for Q-biotype, no significant differences in survival rate were found among host plants, and over 62.1% larvae were able to develop into adults on all test plants. There were significant differences in survival rate between the two biotypes on tomato, bell pepper and the five cultivars of kidney bean (Student's t-test after arc-sin conversion).
Development time
For B-biotype, no significant difference in development time from egg to adult was detected among the tested plants (Table 3) shorter period, by more than four days, than Q-biotype on these three plants. Although the mean development time of B-biotype was over 12 days shorter than that of Q-biotype on bell pepper, no significant difference was detected between the two biotypes because only two B-biotype adults emerged on the plant.
DISCUSSION
One of the factors that made it possible for B. tabaci B-and Q-biotypes to distribute over a considerably broad area around the world is probably their high ability to utilize a wide range of plants as their hosts. In this study, the effects of host plants 270 H. IIDA et al. on the hatching rate, survival rate and development time in B-and Q-biotypes were investigated; consequently, clear and interesting differences between the two biotypes were recognized.
Compared to B-biotype, the hatching rate of Qbiotype was strongly influenced by host plant species. Eggs of whiteflies attach to leaves by a pedicel (Lloyd, 1922) , which functions to transport water from the host plants to eggs (Paulson and Beardsley, 1985; Buckner et al., 2002) . Considering this ability, eggs that did not hatch might have failed because of problems with solute uptake. If this occurred, it is possible that the structure of leaf tissue was not suitable for the pedicel to absorb liquid from the host plant; however, judging from the finding that plant species had no significant effects on the hatching rate of B-biotype eggs, although there was no morphological distinction among biotypes in B. tabaci (Perring, 2001) , it seems unlikely that the cause would be related to a physical aspect of the eggs. Another hypothesis is that the eggs might have taken up chemicals in water from test plant leaves; as a result, the chemicals might have spoiled Q-biotype eggs. A difference in the susceptibility to neonicotinoid insecticides and pyriproxyfen insecticides between B-and Q-biotypes (Horowitz et al., 2005) demonstrates the possibility that tolerance to chemicals is peculiar to biotypes. Relative humidity also could affect egg survival; for example, the hatching rate of a predator of whiteflies, Delphastus catalinae (Horn) (Coleoptera: Coccinellidae), is significantly lower at 25% RH than at 85% RH (Simmons et al., 2008) ; however, considering that the hatching rate of only Q-biotype significantly fluctuated among host plants, although humidity for both the biotypes was not controlled, humidity does not seem to be the cause of fluctuation of the hatching rate in this study. In addition, there is a report that relative humidity does not affect the hatching rate of the predatory lacewing, Dichochrysa prasina (Burmeister) (Neuroptera: Chrysopidae) (Pappas et al., 2008) . Further research is needed to reveal the cause in whiteflies.
Although the hatching rate of Q-biotype depended strongly on host plant species, larvae of the Q-biotype were able to develop into adults without being significantly affected by host plant type. In contrast, the survival rate during the larval stage of B-biotype fluctuated markedly among host plant types. A particularly important point to note is that suitability as a host plant depended not only on species, but also on cultivar. Although over 40% of B-biotype larvae were able to develop into adults on kidney bean cv. Satsukimidori, all larvae of this biotype died before emerging into adults on the other four kidney bean cultivars. To date, several influences of plant cultivars on the development of B. tabaci have been reported, e.g., tomato (Islam and Shunxiang, 2007) ; cotton (Butler et al., 1986; Torres et al., 2007) ; melon (Soria et al., 1999) . In these reports, however, for any plant that B. tabaci larvae were able to utilize as a host, all tested cultivars of the plant species could also serve as hosts. The results of the present study therefore represent a new and valuable pattern. The findings will help us to develop new resistant varieties against B. tabaci through detailed research on the factors that induce differences in the developmental performance of B. tabaci among host plants.
In this study, the survival rate of B-biotype larvae was only 6.1% on bell pepper. This result contradicts the report of Kakimoto et al. (2007) , in which the survival rate of B-biotype from egg to adult was 79.2%. The difference between the two results was probably induced from the difference in the variety of bell pepper used for experiments, just as the survival rate of B-biotype was strongly affected by the cultivar of kidney bean in our study. B-biotype was not able to develop into adults on four of five kidney bean cultivars, whereas over 60% of larvae of Q-biotype successfully developed into adults on all given host plants. This result indicates that Q-biotype has higher potential to utilize a wider range of plant species as hosts than B-biotype. Further experiments need to be conducted under consistent environmental conditions in order to clarify the differences between their host ranges.
The total development time from egg to adult of B-biotype did not differ significantly among host plants; on the other hand, immature Q-biotype required over six days longer to develop on bell pepper than on the other test plants. Accordingly, bell pepper seems unsuitable for Q-biotype; however, judging from the finding that the survival rate of Qbiotype was over 70% on this plant, a much higher rate than that of B-biotype, bell pepper has the possibility to be quite a suitable host for Q-biotype. Indeed, in Miyazaki Prefecture in Japan, the latest Qbiotype intruder has caused serious damage to bell pepper fields, although important problems of the whitefly in bell pepper fields had not been reported previously (Matsuura, 2006) .
Comparing the development time of B-biotype with Q-biotype, immature B-biotype tended to develop faster. This result is contrary to findings of other studies that investigated development factors of B-and Q-biotypes using bell pepper, C. annuum (cv. Morrón) (Muñiz and Nombela, 2001 ) and the common weeds Datura stramonium L. and Solanum nigrum L. (Muñiz, 2000) . Differences in the development time between the two biotypes were approximately only one to two days in these studies, although they were four to seven days in our study. On the other hand, in our study, no significant difference in development period between the two biotypes existed on cucumber and kidney bean (cv. Satsukimidori). Collectively, the results indicate that the development speed of B. tabaci would not be specific to biotype but could fluctuate by the population and host plant species. In addition, not only the development speed but also the hatching and survival rates may depend on the B. tabaci population. There is certainly an opportunity for further investigation of these points.
In this study, we used B. tabaci B-and Q-biotypes from stock cultures. The species of their original host plants, rearing conditions and the length of time B. tabaci was reared in the stock culture might have somewhat affected the values of hatching rates, survival rates and development time; however, considering that B-and Q-biotypes were collected from tomato and bell pepper, respectively, and thereafter each biotype was reared on cabbage in stock cultures under the same environmental conditions, the rearing history would probably not influence our main results: B-biotype failed to develop into adults on four of five cultivars of kidney been, although Q-biotype could develop successfully on all test cultivars. Therefore, it is reasonable conclude that not only species but also cultivars could have fatal effects on the development of B. tabaci.
